BACKGROUND: Few studies have examined the impact of inpatient interpreter use for limited English proficient (LEP) patients on length of stay (LOS), 30-day post discharge emergency department (ED) visits and 30-day hospital readmission rates for LEP patients. METHODS: A retrospective cohort analysis was conducted of all hospitalized patients admitted to the general medicine service at a large academic center. For patients self-reported as LEP, use of interpreters during each episode of hospitalization was categorized as: 1) interpreter used by non-MD (i.e., nurse); 2) interpreter used by a nonHospitalist MD; 3) interpreter used by Hospitalist; and 4) no interpreter used during hospitalization. We examined the association of English proficiency and interpreter use on outcomes utilizing Poisson and logistic regression models. RESULTS: Of 4,224 patients, 564 (13 %) were LEP. Of these LEP patients, 65.8 % never had a documented interpreter visit, 16.8 % utilized an interpreter with a non-MD, 12.6 % utilized an interpreter with a nonHospitalist MD and 4.8 % utilized an interpreter with a hospitalist present. In adjusted models, compared to English speakers, LEP patients with no interpreters had significantly shorter LOS. There were no differences in readmission rates and ED utilization between LEP and English-speaking patients. Compared to LEP patients with no interpreter use, those who had a physician use an interpreter had odds for a longer LOS, but there was no difference in odds of readmission or ED utilization. CONCLUSION: Academic hospital clinician use of interpreters remains highly variable and physicians may selectively be using interpreters for the sickest patients.
INTRODUCTION
In 2011, over 25 million Americans self-rated themselves as speaking English less than Bvery well,^and as a result, health care providers increasingly encounter patients with limited English proficiency (LEP). 1, 2 Effective communication between patient and medical staff is critical to diagnosis and treatment. Although the Joint Commission recommends the use of professional medical interpreters during medical encounters, many LEP patients do not have access to interpreters, and some clinicians continue to Bget by^and do not use interpreters consistently. 3, 4 The use of professional medical interpreters is associated with increased patient satisfaction, quality of care, and improved disease-specific process measures and outcomes. 5, 6 The Institute of Medicine report Crossing the Quality Chasm states that the use of an interpreter is not only a quality, but also a patient safety imperative. [7] [8] [9] [10] Most studies to date have focused on the impact of interpreters in the outpatient and emergency department (ED) settings. 11, 12 Few studies have explored the relationship between in-hospital physician use of interpreters and patient outcomes measured by length of stay (LOS) and readmission rates. Five prior studies have analyzed the outcomes of LEP hospitalized patients compared to English speakers, but only two of these studies examined the impact of interpreter use with conflicting results. [12] [13] [14] [15] [16] The first study found no difference in LOS and 3-month ED utilization nor readmission rates with data from a large urban public hospital. 14 The second study found that the use of professional interpretation at admission or both admission and discharge was associated with an increased LOS and decreased readmission rates compared to those LEP patients without professional interpretation. 11 However, this study was limited by not having an English speaking comparison group.
Understanding the dynamic between LEP patients and their clinical providers is of utmost importance for understanding observed disparities in health care. 17 To address the paucity of research on the impact of interpreters on inpatient outcomes, our paper examines two questions: 1) Are hospitalized LEP patients receiving interpreter services during hospital clinical encounters?; and 2) does the documented use of a professional medical interpreters by hospital physicians during the inpatient encounter impact LOS, 30-day emergency department (ED) visits after discharge and 30-day readmission rates for LEP patients compared to English speaking patients?
METHODS
We reviewed hospital administrative and interpreter services data for all hospitalized patients in 2009 admitted to the general medicine service at a large tertiary academic center (n=4,224). We obtained electronic medical record data from the Research Patient Data Registry (RPDR), a research and administrative data source designed to identify patients who meet specified criteria through a query tool. 18 Data elements obtained from the RPDR included patients' demographic characteristics (e.g., race/ethnicity, gender, age, primary language, and insurance status). Self-reported race and ethnicity from the RPDR was collected by registration staff using a standardized script at the time of hospital admission or at outpatient visits.
The study hospital provided language interpretation services in three modalities: in person, telephone, and video conferencing. There was 24 hrs/7 days per week in person interpreter availability for the inpatient and Emergency Department for the top ten languages in Boston, with telephonic backup for less common languages. Self-reported preferred language was collected at registration by trained registrar personnel with standardized scripts. In addition, the nurse intake form on the hospital inpatient units collected and/or confirmed language preference at the time of admission. Internal hospital analyses have demonstrated high rates of language preference accuracy, primarily because the hospital registration data is part of a system wide registration database. At any point of patient contact, whether outpatient or inpatient, the collected language data was shared in one common database. In addition, the interpreter services department kept its own database of interpreter encounters, which was merged periodically with the registration system to assure accuracy. Finally, the City of Boston and Massachusetts state statistics reports state that the Boston limited English proficiency rate is on average 14.1 %, which is very similar to the rate of 13 % presented in our paper. 19 ,20 Thus, we have good internal and external validation of our cohort size, and the number of missed LEP cases is likely to be small.
For our analyses, self-reported LEP status was derived from the hospital interpreter service and the hospital admission registration databases. We used the hospital interpreter database and chart review for patients selfreported as LEP to ascertain who was present during the interpretation service. We categorized data regarding use of interpreters during each episode of hospitalization as: 1): interpreter used by non-physician (i.e., nurse); 2) interpreter used by a non-Hospitalist physician; 3) interpreter used by Hospitalist; and 4) no interpreter used during hospitalization.
We examined the association of English proficiency and interpreter use (English-speaking vs. each LEP category as listed above) on outcomes. Poisson models with log transformed LOS and logistic regression for the 30-day ED visits and 30-day readmission rates (both any and same diagnosis readmissions) were used with adjustment for patient clustering at the physician level using Proc Genmod in SAS version 9.3 (SAS Institute Inc, Cary, NC). Each model adjusted for patients' age, gender, race/ethnicity, insurance, principal discharge diagnosis, Charlson comorbidity score, type of admitting attending physician (Hospitalist vs. non-Hospitalist), and the patient's number of hospital admissions in the previous year as a baseline measure of healthcare utilization intensity. Similar stratified analyses were conducted among only LEP patients. Table 1 shows that of 4,224 patients, 564 (13 %) were LEP. Compared to English speakers, LEP patients were slightly older, more likely to be Hispanic and females, and a majority used either Medicare or Medicaid insurance. Even though LEP patients had a slightly higher Charlson Score, they had a shorter LOS, and a lower readmission rate. There were no differences between the two language categories in ED utilization after discharge or in the most frequent primary cardiac discharge diagnosis. Additionally, of the 564 LEP patients, most never had documented use of an interpreter. There were important differences in Charlson score by LEP interpreter use categories. Patients with an interpreter and a physician present (n=71) had the highest Charlson score (2.8±2.6), followed by those with no interpreter (n=371, Charlson score (2.6±2.3)), those with an interpreter and a Hospitalist present (n=27, Charlson score (2.3±1.8)), and f,inally those with an interpreter and a nonphysician present (n=95, Charlson score (2.2±2.0)).
RESULTS

Patient Characteristics
Hospital Outcomes by Patient Characteristics
Among all patients, women had a shorter LOS than men (5.9± 5.5 vs. 6.2±5.5). LOS by race was as follows: White (6.4± 5.8), Black (5.6±5.4), Hispanic (4.9±3.7), Asian (7.1±6.5), and Other (5.5±6.1). Both Hospitalist and non-Hospitalist services had a similar LOS (6.0±5.5 vs. 6.1±5.8). LEP patients who had an interpreter and a physician present had the longest LOS (7.3±7.5), followed by those who had a hospitalist present (6.5±4.6). Those who had an interpreter present with a non-physician present had the shortest LOS (4.7±2.6), similar to those with no interpreter use recorded (4.9±3.9). English speakers had a LOS of 6.2±5.7.
Of 4,224 patients, there were only 765 readmissions for any diagnosis, of which 669 were English speakers (87.5 %) and 96 were LEP patients (12.5 %) (p=0.47) ( Table 1) . Of 765 readmissions, 260 readmissions were for the same diagnosis; 233 were English speakers (89.6 %) and only 27 were LEP patients (10.4 %) (p=0.19). Patients who were readmitted within 30 days were more likely to be younger, White and have Medicare insurance (Table 2 ). Compared to those not readmitted, readmitted patients had a higher Charlson Score and a longer length of stay, but there were no significant differences by language category. Similarly, patients who utilized the ED 30 days after discharge were more likely to be younger, White, and have Medicare insurance (Table 3 ). In addition, these patients had a higher Charlson score and had a longer LOS, but there were no significant differences by language category.
Mutltivariable Analyses of Hospital Outcomes
Among all patients in the study, those with a higher Charlson scores had a slightly higher LOS, an increased readmission rate, and an increase in ED utilization (Table 4 ). Those with Medicaid had an increased readmissions rate and ED utilization. Medicare patients had a longer LOS, an increased readmissions rate and ED utilization. Several diagnoses had significantly shorter LOS, while only acute pancreatitis had higher readmission rates and ED utilization. Stratified adjusted analyses by Charlson score (0-1, 2-4, 5+) for each of the service utilization outcomes did not show differences between LEP and English speaking patients with similar Charlson scores.
Compared to English speakers in multivariable models, LEP patients with no interpreters and those who had interpreter use with a non-physician had significantly shorter LOS (Table 4) . Compared to LEP patients with no interpreter use, LEP patients who had a physician use an interpreter (both nonhospitalist and hospitalist) had odds for a longer LOS, but there was no difference in odds of readmission or ED utilization (Table 5) . LEP patients with a higher Charlson scores had a marginally statistically significant higher LOS and Similarly there were no differences in these two outcomes among LEP patients, whether or not an interpreter was used. Similar to all prior inpatient studies we found a low use of interpreters by hospital clinicians. 5, 6, 21 Federal law, the Institute of Medicine (IOM), and hospital guidelines, including the Joint Commission standards, all recommend the routine use of professional interpreters during clinical encounters. 3, [22] [23] [24] It is possible that our low rate of interpreter use is due to the use of nonprofessional interpreters (i.e., family members or friends) and/or clinical encounters with bilingual physicians or other clinical staff and/or even LEP patients relying on their own limited English language abilities. 21 High quality clinical care and patient safety are compromised when there are communication barriers. The use of nonprofessional interpreters is known to cause an increase in interpreter errors that can potentially harm the patient, through the misinterpretation of information 7, 25, 26 and alteration of key patient details. 27 One study found that there was a significantly higher proportion of errors with potential clinical consequences when ad hoc interpreters or no interpreters were used compared to professional interpreters. 7 Clinicians may be 'getting by' without interpreters for a variety of reasons, including a perceived increase in clinical encounter time with the use of interpreters. 4, 21, 28 There are several high quality studies that demonstrate no clinical encounter time increase with in-person hospital interpreters. 14, 29 One important time motion study in a primary care clinic found no difference in visit time with and without interpreters. 30 However, almost all physicians perceived and reported an increase in time. Physicians may attempt to use their nonfluent language skills in order to save time. However, it is not a given that self-identified bilinguals are sufficiently bilingual or competent in medical terminology. The use of nonformally tested bilingual staff has been demonstrated to lead to low quality communication secondary to errors. 4, 21, 28 LOS is a frequently used measure to assess the efficiency of hospital care delivery. 31 Our study provides unique and complex findings about interpreter use and LOS. We found evidence that compared to English speakers, LEP patients with no interpreters and those who had interpreter use without a physician present had a shorter LOS. As a measure of efficiency, LEP patients without interpreters and those with an interpreter without a physician present may be receiving appropriate and timely medical care. LEP status represents a continuum of language ability, and these patients may have more English ability than is apparent or these patients may have very involved family members or friends at the bedside. This appropriate increase in efficiency (i.e., shorter LOS) is supported by the finding of no differences in 30-day ED utilization or readmission rates compared to English speakers. However, we also found that among LEP patients, when compared to those with no interpreter use, those who had a physician present with interpreter use (both hospitalist and non- hospitalist) had a longer LOS in fully adjusted models. This may reflect physician selective use of interpreters for more medically complicated patients. Indeed, our analyses found that patients with an interpreter and an MD present had the highest Charlson score, while those with an interpreter and a non MD present had the lowest comorbidity score. There are several possible reasons for the observed increased LOS with physician use of interpreters. Several studies show that when LEP patients have access to an interpreter, they actually have increased utilization of services and have improved disease-specific process measures/testing and outcomes. 5 It is possible that the sicker LEP patients required more appropriate medical care or that sicker LEP patients lacked a regular source of medical care, therefore getting most of their workup as an inpatient. In addition, one study has shown that the LOS for LEP patients was longer for seven of 23 medical and surgical conditions. 15 Finally, there is evidence that high quality care takes more time. 32, 33 A greater amount of clinical items can be addressed over a longer period of time, which then leads to a higher quality of care. Thus, an increase Finally, compared to English speakers, our study found no differences in ED utilization and readmission within 30 days for both any and same diagnoses. In addition, among LEP patients, increased Charlson score, Medicaid and Medicare insurance status is associated with readmission within 30 days and with an increased utilization within 30 days. Our study currently has only one other published paper for comparison. Jacobs et al. found no difference in LOS and 3-month ED utilization or readmission rates with data from a large urban public hospital.
14 However, it is difficult to contextualize these results with our findings, because the study is a three-arm study comparing English speakers to two groups of Spanish speakers with access to an enhanced interpreter or the usual interpreter services. Their findings may not be immediately applicable in other settings. In addition, unlike our study, Jacobs et al. was able to account for the effect of formally tested Spanish clinicians in situations where a professional interpreter was not used.
Our study has several important policy implications for future research on the use of interpreters in the inpatient setting. First, our findings highlight the patient heterogeneity that underlies LEP status. The LEP status continuum may be affected by other important factors, such as the patient's length of residence in the US and patients' preferences for interpreter use. Future studies will need to account for this complexity, allowing for more precise and accurate measure of LEP status and interpreter need. Second, inpatient care is a continuum of clinical care encounters with both clinical and non-clinical staff. All patient interactions with clinical providers should document whether an interpreter or a bilingual clinician was used in order to allow quality assessment both in real time and retrospectively. It is likely not enough to have interpreter use only at the time of admission or possibly only at discharge. Finally, increasing the availability and use of professional interpreter throughout the hospital stay is essential. This will also require educating physicians about the quality of available interpretation modalities. Recent studies have demonstrated that remote telephone or video conferencing modes are as effective as in-person interpretation as measured by communication quality and patient satisfaction. [34] [35] [36] [37] Use of these non in-person methods should be encouraged in the hospital setting, where in-person interpretation may not be readily available throughout the 24-hour hospital continuum of care.
There are several limitations to our study. First, our study population was obtained from one urban large tertiary academic teaching hospital and may not be generalizable to other settings. Second, our outcome measures may not have fully captured all 30-day ED utilization or readmissions secondary to off-site utilization, and this data is usually not captured in most urban hospital markets in the US. Although we accounted for many significant confounders, we were unable to include other important patient characteristics that could have impacted our outcomes, such as educational attainment, social support and having a usual place of care. 38, 39 Our data does not allow clear identification of when during the inpatient stay an interpreter was used, or if multiple interpreter encounters occurred. Finally, our study is limited by measurement of one interpreted session per inpatient stay, and this may impact our outcome measure results, as this minimal definition may not be strong enough to impact our outcome measures.
CONCLUSION
This study was able to assess the effect of the use of at least one interpreter encounter on LEP patients' inpatient outcomes, which has only been studied in two prior studies. Future studies will need to disaggregate the continuum of inpatient care experiences for LEP patients. Studies are needed to focus on the impact of interpreters at particularly sensitive communication moments, such as discharge, to assess the effect on patient outcomes. Being able to assess the dynamic of clinician-patient-interpreter communication is essential for understanding inpatient processes of care for LEP patients and their outcomes, thus paving the way for eliminating disparities.
